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1.0 BACKGROUND AND SUMMARY

Arthur D. Little, Inc. under contract to U.S. Army Construction Engineering
Research Laboratory (CERL), investigated potential applications for

photovoltaic (PV) systems in selected Army facilities. As part of the

Federal Photovoltaic Utilization Program (FPUP) the Army determined that PV
systems in the size range of 50W-2kW are cost-effective, reliable, and near
maintenance free for remote, stand-alone applications. The main objective
of this study was to identify viable candidates for PV applications at
seven Army sites in the 50W-2kW size range. To accomplish this task,
Arthur D. Little, Inc. selected (in conjunction with CERL) and visited
seven Army sites in the U.S. to identify potential PV applications, as well
as load and balance of system requirements.

The one day site visits to the following seven Army bases are briefly

described in section 2.0:

* Dugway Proving Ground, UT
* Tooele Army Depot, UT
* Fort Ord, CA
* Fort Hunter-Liggett, CA

• Fort Bliss, TX
* Fort Huachuca, NM
• Yuma Proving Ground, NM

The bases were chosen because of their diversity in land size, availability
of remote locations, and types of Army activities conducted at the bases.
The results of these site visits indicate that there is a significant
interest and awareness of PV systems. Many of the sites are already using
PV for a variety of applications, which are discussed in section 2.0.
PV experience gained at some of the visited sites have already indicated
that PV systems are a cost-effective alternative in comparison to grid or
diesel power. There is, however, still a strong demand for better
education about PV system performance and experience gained at other Army
bases.

The key PV applications already in use at the Army bases visited or those
that show strong potential for increased use include:

* Mobile "A" Stations;
* Battery Chargers;
* Clearance Lights on Water tanks;
* Global Positioning Systems;

* Mobile Firing Ranges;
* Radio Repeaters;
* Firing Range Gun Positions;
* Range Surveillance Video;
* Microwave Repeaters;
• Remote Data Acquisition;

* Met Towers; and

* Storage Facilities (Igloos).

AL Arthur D. Little, Inc. 1



During the one day site visit to each base, basic power and load require-
ments for each of these systems were identified, which are described in
section 2.0. Table 1 summarizes the typical load and power characteristics
of the major PV applications identified. More detailed technical data are
provided in the applications survey forms provided in the appendix.

In some instances, the level of detail desired for load and energy
requirements of potential PV applications were not available or well
defined. A more detailed assessment of the power and load requirements of
these systems would require more investigation outside the scope of this
study. This study identifies some PV experience gained at seven selected
Army bases and provides an overview of strong potential PV applications at
these sites.

There is clearly a strong interest in PV systems at the bases selected to
visit. Additional education and awareness about the cost-effective
economics and successful military performance of PV systems would most
likely result in increased PV use at other Army bases.

AL Arthur D. Little, Inc. 2
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2.0 SITE VISIT RESULTS

2.1 Dugway Proving Ground, UT

Dugway Proving Grounds is about 60 miles Southwest of Salt Lake City, Utah
on 802,000 acres. There are only 156 military and 846 civilian personnel
at this site. Mr. Jim Wheeler, who functions as the energy coordinator,
was the primary contact at Dugway. Key personnel within the Instrumenta-
tion Branch and Optical Data Branch who have a knowledge of remote power
needs appropriate for PV in the near term, as shown in Table 2, were also
contacted. Both of these branches are within the Material Test Director-
ate. These senior staff members were highly knowledgeable in the field of
PV and very receptive to expanding their range of application at Dugway.
They pointed out that Dugway was about 65 miles north to south and encomp-
assed an area about that of Rhode Island. Most of this area had no real-
istic access to utility power and had to be served by PV or engine genera-
tors. As indicated below, power needs at the facility in support of field
tests are diverse and provide an excellent opportunity for expanded PV use.
These applications fall into several broad areas;

-Weather stations -

-Radio Repeater Stations

-Range Surveillance Video Systems

-Microwave Towers

-Water Pumping (special application)

Dugway is already experienced in PV use for some of these applications and
increasingly undertakes its own system designs to both reduce costs and to
better tailor the systems to their specialized applications. Consequently,
they currently purchase panels and install them within systems of their own
design. They are also well positioned to undertake needed O&M functions of
systems. They were very interested in the possibility of acquiring panels
from CERL if they are of modern design with a proven track record of
reliability.

PAST EXPERIENCE

Dugway participated in the FPUP program in the late 1970's and early
1980's. This program resulted in two, 3 kw, systems being installed which
operated reasonably well with most of the problems being associated with
controls and power conditioning rather than the PV panels. Both these
applications were for operation of meteorological towers with associated
measuring and telemetry equipment. These two sites were disassembled for
reasons having nothing to do with their performance or reliability. In one
case commercial power was made available to the site due to increasing
power needs and in the other case the field testing program required moving
the facility to another site.

AL Arthur D. Little, Inc. 4



Table 2

Contacts At Dugway Proving Grounds

" Mr. Jim Wheeler
Energy Coordinator
Tel. (801) 831-5412

" Mr. James Dyer,
Chief, Instrumentation Branch,
Tel. (801) 831-5412

" Mr. Jerald Norrington
Optical Data Branch
Tel. (801) 831-5177

AL, Arthur D. Little, Inc. 5



CURRENT APPLICATIONS

The PV panels from the two sites discussed above have been utilized for
other smaller scale remote power applications. The most important of these
are for powering Micro Meteorological Stations referred to as Mesomet
Stations. Currently, about 14 of these sites are powered by PV systems.
These stations use about 300 watts of PV panels for undertaking basic
weather measurements(wind, temperature, pressure, etc.) and transmitting
this data periodically to a receiving station. They expect over a dozen
more such applications for PV systems and, in fact, assume the use of PV
even if commercial power could be made available in order to increase
reliability and standardize designs.

Smaller PV systems are used to operate several smaller systems referred to
as SAMS and SODAR. Few details were available on these systems except that
power needs were about 50 to 100 watts.

PLANNED APPLICATIONS

Dugway is planning to expand the use of PV beyond those referred to above.
Several applications in the initial planning stage are discussed briefly
below:

Range Surveillance Video Systems

The Optical Data Branch was particularly interested in using PV for range
surveillance video systems. These systems, which are still in the early
design phase, will be semi-portable units which perform multiple functions
in support of field tests including; optical range surveillance and securi-
ty surveillance. Eight such units are planning to be used each having PV
power needs of 1 to 3 kW. The wide range reflects the preliminary status
of designs and associated power needs. Power will be required for several
functions such as operation of cameras, temperature control with heaters
and fans, and telemetry. They want most of the power to be provided by the
PV systems. However, they are willing to consider the use of a backup
mobile engine driven generator to ensure minimum capabilities during poor
weather and/or particularly high energy demands. This reflects their good
understanding of PV systems and the high premium associated with ensuring
high reliability under all conditions with the PV system alone. Sandia,
however, suggested that a recommendation be made that they use more effi-
cient propane heated thermoelectrics which are standard commercial products
for backup power. Implementation of the first systems of this new design
is planned for 1988.

Microwave Towers

As part of the Ethenet System, 6 microwave towers will be installed over
the next few years. There will be no realistic prospect for commercial
power for, at least, three of these sites. Approximate power needs will be
300 watts with a 25% duty cycle per antennae (4 per tower).

Remote Data Acquisition System

Dugway purchased several remote data acquisition systems which included PV
panels having an area of about 4' x 8' (about 300 watts). They expect to

AL Arthur D. Little, Inc. 6



install up to 12 such systems using PV systems of their own design. To
ensure reliable winter operation they will need to install 12 V electric
heaters for the batteries which results in inadequate PV capacity with the
current design. They expect, therefore, to increase PV capacity, but had
no figures on panel or battery capacity requirements.

Water EumDing

There are several Defense Test Chamber (DTC) facilities located on the
proving grounds. One of these near Camelback Mountain needs a water supply
for personal hygiene and drinking. One option under consideration is an
existing well about 2 miles from the chamber. The well is at a higher
elevation than the DTC so gravity feed would be possible once the water is
pumped from the well. The depth of the well was not readily available.
They estimate (very roughly) that 200 to 600 gallons per day might be
adequate. Assuming a depth of 500 ft, this would correspond to about 400 -

800 watts of PV capacity.

Battery Storage Issues

Mr. James Dyer, Chief of the Instrumentation Branch, emphasized that
dealing with used lead acid batteries was becoming an increasingly big
problem due to environmental regulations which require that they be drained
and all acid accounted for. The difficulty in dealing with battery fluids
was, in fact, inhibiting their increased use as large (multi kW) buffer
systems for grid connected systems. Consequently he felt that sealed gel
type batteries which can be shipped as is (no draining) to disposal sites
had definite advantages. The issue of battery O&M, life, and disposal may
require additional study as part of a strategy to support more widespread
use of PV in Army facilities.

2.2 Tooele Army Depot, UT

Tooele Army Depot is located 35 miles Southwest of Salt Lake City, UT c
44,096 acres of land. There are approximately 80 military and 4,00.
civilian personnel at this base. Mr. Nathan Walker, (Telephone 801-
833-2891), the Energy Coordinator at Tooele Army Depot, was the major
contact. This depot is an equipment repair and storage facility comprised
of two sections (Main Depot and southern Annex). The relatively small size
of the depot results in almost all areas being served by utility power.
This, from their perspective, severely limits the potential for photovolt-
aics in the near term. Several points raised at the meeting are discussed
below:

Storage Facilities ("IGLOOS")

The longer term storage of equipment is in concrete buildings having
rounded roofs which are referred to as "Igloos". Recently, Tooele committ-
ed to installing 90 additional "Igloos" in an area of the depot which was
not heretofore served by utility power. This required installing about 9
miles of utility wire (including that between Igloo structures) at an
average cost of $100,000 per mile.

Arthur D. Little, Inc. 7



Each Igloo requires power for lighting and intrusion detection equipment.
It is roughly estimated that the power requirements could be served with a
PV system having 300 watts of capacity. All the Igloos could, therefore,
be supplied with 27,000 watts of PV capacity. A preliminary cost compari-
son of the two systems (PV vs. Utility extension) would be:

Utility Extension: $100,000/mile x 9 miles - $900,000
PV: 27,000 watts x $25/watt - $675,000

The $25/watt cost for a packaged PV unit might be somewhat conservative for
a relatively large order represented by 90 units. The above figures
indicate that PV would have been very competitive with a grid extension and
may have offered advantages of increased security and reliability via
autonomous power units.

Unfortunately, the commitment to the grid extension has already been made
and new Igloo construction will not occur for another 3-4 years.
Mr. Walker suggested three other depots where similar Igloo construction
projects are in the planning stages which might represent good PV opportuni-
ties.

1. Yumatilla Depot, Hermaston, OR
2. Fort Wingate, Gallup, N.M.
3. Flagstaff Depot, Flagstaff, AZ

Microwave Repeater Station

There are preliminary plans for building a microwave repeater station on
one of the mountains on (or adjacent) to the depot. The facility would
require about 200 watts of continuous power (1200 - 1600 watts of PV).
This could be a good PV application; however, the station would probably
not be built for another 3 - 4 years.

Electricity Use

Electricity currently costs about $2 million per year with about one third
the bill being demand charges. Electricity use is increasing in large part
due to the increased use of computers. Little of the electric demand is
due to air conditioning since "swamp" coolers or simply open windows are
used in most residential and work areas.

AL Arthur D. Little, Inc. 8



2.3 Fort Ord, CA

Fort Ord is located a few miles north of Monterray, CA on 28,000 acres.
There are approximately 22,000 military and 4,600 civilian personnel at
this base. The primary contact was Mr. Rod White, Energy Coordinator,
(408) 385-2403.

Fort Ord felt that there were no potential applications for PV because all
power needs were in close proximity to grid power. No survey forms,
therefore, were filled out for this site. The staff at Fort Ord, however,
need to be provided more information regarding actual costs of running
wires underground, dropping wire through a transformer and the associated
switchgear as compared to PV system costs. If more than 200 ft of wiring
is required for a particular application, grid connected power is not
necessarily the cheapest option. Often, a PV system would prove to be more
economically attractive for many small-scale power needs. This type of
cost information and comparison would be very valuable to many other easily

accessible grid connected Army bases that do not clearly understand the
benefits and cost-effectiveness of PV power for small-scale applications.

2.4 Fort Hunter-Liggett, CA

Fort Hunter-Liggett is about 60 miles south of Fort Ord and is where field
maneuvers take place. Facility staff at Hunter-Liggett report to Fort Ord.

PV are in extensive use at Hunter-Liggett and other promising applications
are under consideration. The primary points of contact are identified in
Table 3. Bruce Coons at Instrumentation Command is a civilian employee
with responsibilities for providing instrumentation and telemetry equipment
for field maneuvers which take place over an area of about 88,000 acres.

CURRENT APPLICATIONS

PV are already used for two functions-both of which are described briefly
below:

Range Measuring Systems

The core of the range measuring systems at Fort Hunter-Liggett consists of
50 "A Stations" which are placed on hilltops scattered throughout the base.
Through a process of triangulation these stations monitor the movement of
tanks and other vehicles being used in a field maneuver (the vehicles have
small transmitters placed on them). The A stations were purchased as a
packaged unit (including the PV system) from General Dynamics. The price
got too high and now they do their own engineering and purchase panels for
installation into the PV system. They are in the process of replacing
panels on some the older systems in order to increase output using the same
area. The new panels are being supplied by Solarex and use the
polycrystalline material having a high packing density due to their square
shape. The systems using the older panels with 3 inch wafers had about 49%
less output per unit area and resulted in power shortages - particularly
during cloudy weather or when night maneuvers were taking place. The area
of solar cells per unit is about 8 square feet corresponding to a peak

/S Arthur D. Little, Inc. 9



Table 3

Contacts at Fort Hunter-Liggett

0 Mr. Peter Anderson
Facility Manager
Fort Hunter-Liggett
Jolon, CA.
Tel. (408) 385-2514

* Mr. Bruce Coons
Instrumentation Command
Fort Hunter-Liggett
Tel. (408) 385-5911

-2810

0 Mr. Feckter
Chief, Meteriological Command
Fort Hunter-Liggett
Tel. (408) 385-2519

AL~ Arthur D. Little, Inc. 1



output of about 80 watts using the newer panels. Battery storage capacity
is about 800 watt-hrs corresponding roughly to 2 days of panel output
during sunny weather.

Other bases which use similar A Station equipment to monitor field maneu-
vers include Fort Bliss, Yuma Proving Ground, and Fort Irwin.

Remote Weather Stations

There are six small remote weather stations now operating using PV to
provide power for the sensors and for telemetry of the data. These units
use a single PV panel having an area of about 4.5 square feet (18" x 3').
The head of the Meteorological group was not in and so little information
was available on these systems. Apparently, however, there are no plans
for additional systems of this type.

PLANNED OR POTENTIAL APPLICATIONS

Hunter-Liggett is planning to install 2 field shower facilities which
troops can utilize while on extended field maneuvers. These facilities
will need minimal lighting, a circulating pump, and a pump for the wells
(estimated to be 100 to 200 feet deep). These sites will be 10 to 20 miles
from the grid so either PV or engine generator power will be used. They
estimate that 1000 to 2000 gallons of water will be required per day when
in use. No estimates of power needs have yet been made. Based on the
minimal information available, the following power might be required:

Circulating Pump - 50 to 100 watts
Lighting - 100 to 200 watts
Well Pump - 500 to 1000 watts

It appears, therefore, that each of these facilities could be served by a
PV system with a capacity of about 700 to 1500 watts.

The possibility of using a solar water heating system to further reduce
logistics problems was also discussed and is being seriously considered.

2.5 Fort Bliss, TX

Fort Bliss is located in El Paso, TX on 125,000 acres. There are 20,500
military and 8,000 civilian personnel at this site.

The staff at Fort Bliss are extremely interested in using PV for many of
their remote applications. There was a significant consensus that their
climate, range activities and insolation levels would be ideal for such
applications. The major barrier for their more widespread use has been a
lack of information and education about the status of PV systems. Many
times the staff at Fort Bliss were not even aware that there were PV
systems already being used in some applications on the base. The key
contacts made at Fort Bliss are shown in Table 4 and a brief description of
potential PV applications at their base are discussed below.

AL Arthur D. Little, Inc. 11



Table 4

Contacts at Fort Bliss

* Mr. Emilio Escandon
Chief of Energy Conservation Branch
Tel. (915) 568-6627

* Mr. Tony Esparza
Automatic Controls Mechanic
Tel. (915) 568-6627

* Mr. Archa Hall, Deputy
Directorate and Communications
Manager of Information Management
USA ISC
Building 56 ASNB-BLI
Fort Bliss, TX 79916-5900
Tel. (915) 568-4823

* Mr. Alejandro Estorga
Technical Director
Air Defense Board
USA RAB ABD
Attn: ATZC-D
Fort Bliss, TX 79916-5400
Tel. (915) 568-5500 or 3000

* Mr. Javier Montez
Chief of Analysis and
Test Support Division
Tel. (915) 568-5501 or 3355

* Dr. Denny Keith
Chief of Data Acquisition Branch
USAR ADABD
Attn: ATATZC-DTD
Fort Bliss, TX 79916-5400
Tel. (915) 569-4682

" Major Howard
Attn: Range Command
Building 9500, McGregor Range
USA ADA CENFB
Fort Bliss, TX 79916
Tel. (915) 569-9427

* Mr. Bob Tibuni (at White Sands)
ARMTE
Commander
USA WSMR
Attn: STEWS-TE-AM
WSMR, NM 88002
Tel. (505) 678-1010 or 1875

A Arthur D. Little, Inc. 12



Fort Bliss has very high electricity rates and unreliable grid power in
remote areas. Staff at the base also complained of expensive fuel and
noisey power that result from the use of diesel or gasoline generators in
the field. Mr. Escandon, Chief of the Energy Conservation Branch was not
aware of any use of PV power systems at their base. He was, however, very
interested in using PV power for: water pumping stations, tower lights for
elevated water storage tanks, water tank cathodic protection, and battery
chargers for standby power for water pumps.

Battery Chargers

At 19 sites at Fort Bliss, there could be a need for battery chargers to
power 60-90 hp gasoline and diesel engines that are used as an emergency
power supply for water wells. Currently, there are six 24V, eight 12V, four
32V, and one 6V batteries being used for standby power for the water
pumping systems. The trickle charge of these batteries averages 2-3W and
full charge runs at about lOW. The duration of the peak demand is roughly
one hour once a week. The roof of the water tower buildings are 14'x 20'so
the array could be roof mounted. The average watt-hour(Whr) load demand is
about 79 Whrs per day. The load would not require battery storage. there is
a concern, however, of damage to the system at four of the sites which
would be located on the fringe of town. The PV systems might be LargeL
practice for rocks and BB guns.

Clearance Lights

The 19 sites described have two clearance lights of 500W each which are
currently powered by the "unreliable and expensive" grid system. The lights
must be on 11 hrs per day seven days a week from 7PM to 6AM. Each sight
currently requires 11,000 Whr/day. Mr. Escandon's hope is that a PV system
would allow these sites to be grid free and provide more reliable and cheap
power. One PV system could possibly be used to power the battery chargers
and the two clearance lights. The PV system would have to be sized for
approximately 2,000 - 2,400 Wp to meet this lighting power load.

Water Pumping Stations

There are eight water pumping stations at Fort Bliss that are currently
being powered in remote locations by the grid. There is interest in con-
verting the Dona Ana Range Camp water pumping station into a PV powered
system. Currently there are two 50 hp wells at 440VAC, one of which re-
quires a booster pump at 10 hp. Both pumps are operated at the same time
for a total of 110 hp. The peak load demand for each well 38KW and 45KW
with the booster pump. Although this size is much larger than the scope of
this study, it should be mentioned as a future potential interest. The
details for the system are described in section 3.0.

Cathodic Protection

Fort Bliss is in the process of designing to size and replace tank cathodic
protection systems in their water tanks. Data rz-jlkrcments for these
systems are not available.

/1 Arthur D. Little, Inc. 13



"A Stations"

Mr. Montez mentioned that there were seven "A stations" now being powered
by PV at Fort Bliss with unattended operation at very remote sites. The
systems operate from 8AM-5PM (9 hours) seven days of the week. Electricity
from these systems are used to receive and transmit information which helps
to measures target distances for testing defense weapons typically using
manned aircraft as targets. Three to four more "A stations" are being
planned for PV with power requirements of about 64W (32V and 2Amps). Nellis
AFB is also expected to be using PV systems for similar applications.

Mr. Denny Keith, Chief of Data Acquisition, mentioned that Fort Bliss wants
to add additional features/data packages on the both "A" and "C" stations.
Video capabilities were mentioned as one desired feature that is expected
to be needed. Currently, the PV system powers a transmitter, receiver, and
data unit. They would like the added capability to remotely turn the unit
off and on.

Television Cameras

Mr. Keith also identified the need for 100W television cameras which would
be used for surveillance. They are expecting a need for ten units which
would have unattended operation. More detailed data for the expected
systems were not available.

Global Positioning Systems (GPS)

By 1991 it is expected that there will be 18 satellites in orbit that will
help calculate where an object or person is to within 3 ft. This will help
facilitate many military training activities. The power requirements for
the telemetry and computer equipment is not available. A rough number given
was 150-200W. Mr. Keith also suggested calling the Range Measurement
Systems Group at Fort Irwin, as they do a great deal of this type of work.

2.6 Fort Huachuca, NM

Fort Huachuca is located 60 miles Southeast of Tuscon, AZ on 73,000 acres.
There are approximately 6,500 military and 4,400 civilian personnel.

Many of the contacts made at Fort Huachuca were very interested in learning
more about PV systems and their potential applications at their base. Their
primary interests were for firing range activities, portable radios, Global
Positioning Systems (GPS) and mobile power for conducting performance and
acceptance tests of various military equipment. The contacts made at this
site are identified in Table 5. A brief discussion of these various
applications and their power requirements are discussed below.

PLANNED OR POTENTIAL APPLICATIONS

Firing Range Activities

Mr. Charles Whitaker, Range Control Officer, identified several remote
power needs for PV systems. Battery chargers are needed for automatic tank
target systems (ATTS) which are used only three days per month 24 hrs per

/t Arthur D. Little, Inc. 14



Table 5

Contacts at Fort Huachuca

* Mr. Tom Cochran
Chief of Contract Management Division
Fort Huachuca, AZ 85613-6000
Tel. (602) 538-1442

0 Mr. Dana R. Harriman
Facility Manager/Environmental Quality Controls
U.S. Army Electronic Proving Ground
Attn: STEEP-LD
Fort Huachuca, AZ 85613-6000
Tel. (602) 538-6901

0 Mr. Bruce Johnson
Lead Mechanical Engineer
Tel. (602) 538-3130

* Mr. Randy White
Electrical Engineer
Tel. (602) 538-2344

* Mr. Charles Whitaker, Commander
Range Control Officer
U.S. Army Garrison
Attn: ASH-PTMS-TR
Fort Huachuca, AZ 85613-6000
Tel. (602) 538-8947 or 8951

0 Master Sargent Zander
8/40th Tank Battallion
Tel. (602) 538-6618 or 6619

* Captain Scholtz
Chief of Training Division
Attn: ASH-PTMS-T
Fort Huachuca, AZ 85613-6000
Tel. (602) 538-5512 or 3844
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day. There are about 30 ATTS systems which would benefit from the use of PV
for battery charging. The power requirements for these battery chargers was
not available.

Fort Huachuca is also planning to buy gasoline and diesel generators for
approximately 16 Heat Sensor Targets. The contact person for these applica-
tions who would be interested in PV systems for these applications is
Master Sergeant Zander, identified in Table 5.

Mr. Whitaker was also extremely interested in using PV for setting up
mobile firing ranges. Currently, there are approximately 10-30 motors being
powered for Pistol Combat Range activity at one practice match. These
targets are now only stationary targets connected to the grid which makes
them less challenging to users due to the lack of variety in placement of
the targets. The motors currently used for these firing ranges are typical-
ly 12VAC motors with DC relays, and five amp fuses, averaging 60W each.
These ranges are in use roughly two times per week by MPs, Law Enforcement,
Security, and Customs personnel. The duty cycle is between 5-8 hours per
day (70% during the day and 30% during the evening). These power
requirements would require a PV system sized for 100 Wp for each motor.
Schematics of the current motors being powered for these activities are
shown in Figure 1. The targets are M31Al units.

In conjunction with powering the motors for the firing ranges, power would
be needed for three red blinking lights that are used as markers for night
firing. Typically, these are on for three hours during each night firing.
The power requirements for these lights was not available. The lights are
now powered by batteries.

Portable Radios

During military operations, portable PRC77 radios are used which are
powered by expensive batteries. They are used between 5 - 7 hours per day,
7 days per week. Their actual power requirements were not available from
Mr. Whitaker. His boss, Captain Scholtz, who has more detailed data was
not available, but is identified in Table 5. Eight of these radios are
needed for firing range activities alone and require 12VDC. Each unit is
used between 5 - 24 hours for each operation.

Global Positioning Systems (GPS)

Mr. Dana Harriman is responsible for testing all electronics for the Army
and is based in Fort Huachuca. The five satellites NASA was to put in
orbit have been delayed by 3 - 5 years. Fort Huachuca, in the interim, is
planning to install mock satellites on mountaintops. Three systems would
be needed for mountain applications and one would be needed for a First Aid
Station location in the desert.

The mountain applications are planning to be used in the San Pedro Valley.
Each satellite would require 1000 W at each position. Pretest of these
systems is expected by October 1987. Within one year, it is expected the
system will expand and be taken to Sulphur Springs area in AZ for
additional practice activities. The GPS is a $5 billion project that will
be getting high visibility.

/ Arthur D. Little, Inc. 16
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Figure 1 Schematic of Target Holding Mechanism
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Radio Repeater Sites

At TV Hill in Fort Huachuca, there are radio repeater sites powered by the
grid with backup generator power. The backup generators require manual
starts on a regular basis which requires personnel to go up into the
mountains. This is an expensive and time consuming process in order to
insure reliability during the storm season. Power requirements are about
800 W maximum, for mostly DC power (120V at 6 amps) for each of three
repeater sites at TV Hill. Hours of operation are from 7 a.m. - 4 p.m. per
day for radio communication in the Southwest U.S. The load is very
critical.

Unfortunately, Fort Huachuca has to overcome the somewhat bad experience of
an existing PV system that's located in a desert between Yuma and Fort
Huachuca at Mount Ottman. They have had many problems with the PV system
powering a signal generator with a 125 - 150 W continuous power
requirement.

Mobile Generators

Mr. Harriman identified a tremendous need for PV powered mobile generators.
Next year alone 150 people will be in field operations where no power is
available. Data are currently being gathered on the type and amount of
power likely to be needed.

In Arizona, 6,000 separate sites have also been surveyed where generators
will be needed at different times of the year. There is a constant need
for mobile power. Mr. Harrriman also needs mobile power to conduct
performance and acceptance tests on military equipment. Four to 12 mobile
trailors are needed with power capabilities from 300W - 50kW. The duty
cycle for these tests are approximately three days per week, eight hours
per day of AC power, 60 Hz.

AL Arthur D. Little, Inc. 18



2.7 Yuma Proving Ground, AZ

Yuma Proving Ground is located 31 miles Northeast of Yuma, AZ on approxi-
mately 1,000,000 acres of land. There are 350 military and 950 civilian
personnel. The primary contact was Mr. Jack Nixon who is an Energy Engineer
at the base. Overall, Yuma Proving Ground is very receptive to using PV for
various remote applications and already has several systems in use which
will be discussed below. Again, there was a strong desire by several
individuals for more education and information related to experience of
others gained in specific applications and the cost benefit of using PV
systems for larger applications that require air conditioning. The contacts
for Yuma Proving ground are listed in Table 6 and a brief summary of
potential applications are discussed below.

CURRENT APPLICATIONS

There are at least five telemetry units scattered throughout the Yuma
Proving Ground that are powered by PV systems. They range in power from
about 1-5 kW. At Whites Peak, there are 6-7 PV systems which power a
microwave repeater system, three radio repeater stations, and an A station.
The microwave repeater system requires 24V and 3amps (75W) and has remote
control capabilities which add an additional 50W of required power. Two

days of battery storage is also provided. The three radio repeater stations
require less than 50W of continuous power. Power requirements for the A
stations were not available. The total power provided by PV systems at
Whites Peak is thought to be between 2-3kW with 12 and 24V systems.

There are currently two PV trailers being used by the material test direc-
torate for powering remote telemetry stations. One system powers a motions
detector and the other is used for combat related activity (which was
classified information).

PV systems are also used at Yuma Proving Ground to power four ground
transmitters in military shelters, Figure 2. These units have been in
operation since 1976 and were installed by General Dynamics. Each PV system
has an output of 80W of DC power. The duty cycle is about four hours a day
for six days of the week.

Ten to twelve Position Location Systems are powered by PV, Figure 3. They
are positioned on mountain tops for laser operations. The systems are on 24
hours per day for 7 days of the week. These "A stations" activities, shown
in Figure 4, are in very remote areas. Typical power requirements are 26VDC
and 3.6 amps (about 80W). Radios associated with these operations require
lOW of power. More detailed data is provided in Table 7.

PLANNED OR POTENTIAL APPLICATIONS

"A" Stations

Yuma Proving Ground is planning on installing another 10-15 A stations
which could be powered by PV. Some of the larger laser sites however, have
heavy air conditioning demands (approximately 20kW). It is the belief of

/ Arthur D. Little, Inc. 19



DEPARTMENT OF THE ARMY
CONSTRUCTION ENGINEERING RESEARCH LABORATORY, CORPS OF ENGINEERS

P.O. BOX 4005
CHAMPAIGN, ILLINOIS 61820-1305

ATTENTION OF:

CECER-IM 22 November 1988

MEMORANDUM FOR: Defense Logistics Agency, ATTN: DTIC-FDAC (Mr.
H. R. Proctor), Cameron Station, Alexandria, VA 22304-6145

SUBJECT: Reproducibil;ty of Report--USA-CERL Technical Report

E-89/01

1. Enclosed is a copy on loan of the subject report. After

processing, please return to the undersigned.

2. Reference DTIC-FDAC letter, 4 November 1988, SAB.

Encl D. P. MANN

Chief, Information

Management Office

Excellence 0
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Figure 3 Mobile Micro-A Station
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Figure 4 Typical PLS/DGS Deployment
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Table 6

Contacts at Yuma Proving Ground

0 Mr. Jack Nixon
Energy Engineer
Tel. 602-328-2198

* Mr. Jim Grisham
Energy Division
Tel. 602-328-2937

* Mr. James White
Chief of Communications System Division
Senior Applications Engineer
USA ISC ASNC-TYU-RD
Yuma Proving Ground, AZ 85365
Tel. 602-328-2154

* Mr. Bruce Dobbs
Director of Engineering and Housing

Tel. 602-328-3734 or 3742

* Mr. Bob Morris
(for information on field activities)
Tel. 602-328-3765

0 Master Sargent Plaskett
Tel. 602-328-3175

0 Mr. Dave Shassetz
Laser Operations Supervisor
Dynalectron
Tel. 602-328-3253

0 Mr. Bruce Proctor
Material Test Directorate
Tel. 602-328-3111 or 3066

0 Mr. Maurice Evans
Energy Coordinator
Tel. 602-328-3112 or 3156

* Mr. Paul Vukets
Meteorological Services
Tel. 602-328-2467
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Table 7

Micro-A Station Leading Particulars

Solar electric generating system

Solar Array

Electrical

Voltage 26 Vdc (attained at approx. 100 mw/sq. cm.
insolation)

Current .3.6 amps max. (Proportional with solar
insolation; 50% attained at 50 mw/sq.
cm. - 100% attained at 100 mw/sq. cm.

Windloading In excess of 75 mph

Dimensions
Height 74 inches
Width 64 inches
Depth 4 inches

Weight 210 pounds

Battery

Type Lead calcium grid

Rating 280 ampere-hours at 8 hour discharge
rate; 530 ampere-hours at 500 hour
discharge rate.

Dimensions
Height 18 inches
Width 45 1/2 inches
Depth 10 1/4 inches

Weight 740 pounds

Trailer

Wheelbase 85 inches

Track 78 inches

Turning angle 336

Dimensions
Height (in towing config.) 6 feet 10 inches
Width 7 feet 2 inches
Length (towbar extended) 18 feet 2 inches
Length (towbar raised) 13 feet

Weight 4000 pounds
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some, therefore, that these larger loads would be better suited to mobile
diesel generators. PV power is however, being strongly considered for the
majority of these applications.

Met Towers

Three Met Towers, #9, 10, and 12 in CIBOLA Range are powered by the grid,
which has had frequent power outages. Yuma is interested in the possibility
of using PV for battery charging of the backup power. Very cheap power
(roughly $.0l/kWh) is provided by the utility due to the availability of
hydropower. There is no real interest in converting from the grid to PV for
these applications because of the availability of cheap grid power which is
already at these Met stations. Should prices increase, however, these
applications would be ideal for PV systems. Each tower requires + 15VDC and
2 amps (30W) for computer systems and 5VDC and 2 amps (10W) for other
equipment. The air conditioning however, requires 220 VAC and 30 amps
(6,600 W).

Firing Range Gun Positions

Gun positions 17 and 20 at Yuma Proving Ground each have a computer system
to detect wind speed and direction during and before firing activities.
There are four targets on each gun position which require 12 VDC and 4 amps
(48W). The units are typically on for 10 hours per day between 7 a.m. and
5 p.m. Grid power is not available; currently these units are being
powered by batteries. PV would be a very good power source for this
application. A PV system used for this application would require a
capacity of approximately 100 Wp.

Microwave Relays

Yuma Proving Ground operations may be expanding to Palomis Mountain where
there is no grid power. Mr. White thought there may be a need for 50W-500W
of power at this site to power microwave relay systems for both telephone
and data transmission.

Thermal Infrared Targets

Detect and recognize operations are conducted at Yuma Proving Ground by
tanks and aircraft. Power is needed to heat the thermal panels that are
located in very remote locations. Mr. Bob Morris was unavailable to provide
the power requirements of the system. Night lighting to help guide the
aircrafts are also needed. Currently, they set small fires in cans as a
means for aircraft identification. Forward Looking Thermal Sites,are used
approximately 30 days per year.

Jamming Units

Jamming units are used in military activities to purposely jam GPS systems
to simulate a real potential malfunctioning of equipment. Currently, 3kW
engine generators are used. Details about the load and duty cycle require-
ments were not able to be given.
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Emergency Beacons

Emergency beacons are used to announce and warn military personnel of test
firing by a flashing red light. Depending on each mission most of these
lights are required for 24 hours per day. The system requires about ikW of
power at 24V. Battery backup is needed.
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3.0 RECOMMENDATIONS

As a result of the visits to the seven Army bases, the following are brief
recommendations for future activities to promote PV use at Army bases:

" develop information sheets about PV applications showing both the
benefits and drawbacks of PV use. Provide a state-of-the-art
review of PV use for various military applications.

* quantify the costs of running underground power and other hookup
equipment to illustrate when PV systems would be more
cost-effective.

" provide information, on an Army base level, showing how and where
PV is being used. Present information on the degree of
satisfaction with the use of the PV systems at Army bases.

* conduct a cost-benefit analysis of the PV systems relative to
different military applications.

The availability of this information and dissemination to the appropriate
personnel at each Army base would facilitate technology transfer and
provide the necessary information to help increase the use of PV systems at

Army bases.
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APPENDIX

SITE SURVEY FORMS

The survey forms filled out during each of the seven site visits are
presented in this appendix and have been organized by Army base. In some
cases, the load information needed was not available. A more detailed
assessment would require further investigation, which was out of the scope
of this contract. The information provided, however, does indicate that
there are many applications that would be very appropriate for PV,
especially in the 50 W - 2 kW size range. Some applications, such as
mobile generators and range surveillance video, could benefit from larger
size PV systems. The load and power requirements of the applications
identified, however, would often be an economic alternative to grid or
diesel power.
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USA-CERL PHOTOVOLTAIC POWEk SYSTEM
CANDlDATE APPL1CAIJON SUkVEY

Installation: -'U'uLOY ?rsoio6- Gftou.j> (F bate*: F6
_ _ _ __ kei. *: _

Type of Appl2cation: UjR $£VEi I X9 111P008 humoer 02 _tes:Y

POC: KAR. -TeMAL- NORRIkifrTa3 Phone: Od3- i?
Organization/Branch: 0 r IC..L *T' A j3,T 4 j CH
Person Completing Report: PR, g:.

Site Data

Latitude: _$/V_ What are the soii conditions.
~ clay, etc.)

What are the dimensions of the land
available for the solar array?
(Attach site plan if available.) What in the maximum snow accumuia-

60D41 VbT*GL UAj 1'r tion? A/A4

What is the site acceasibility? KA Are there any speciI environmentai
Excellent (Paved roia to the sitei conaitione:

___Good (Dirt road, not consistently ___Ocean environment tialt water
able to handle trucks) spray/immersioni

___Fair (May require 4 wheei drive Coastai environment t~ait water
tranaportation) ,spray oniy)

___Poor (Helicopter or animal trans- Vb esert environment tAirborne sano
portation required) and dirt)

Jungle environment tHigh tempera-
ture ana condensing humidity)

What is the daily average insolation
for the worst-case month?
Month: DC-- Insol. -1~a. 1 -,', 7): 5c

What are the temperature character- Is special protection requirea
lotios of the site, by month? against:
Average hi: Mo:.?F n th: $-L' _Perching or nestiLS birds
Average lo: lonth: _7i ___Rodents/Small animals
20 year hi: - 20 year lo: - Large animals

Fungus
Insects

Is the site in an area of high -Thelt
imic activity? NO -Vandalism
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Load Characteristics

Nominal voltage required: _ AC What is the pattern of load demano
Loao is the same everyday: Vrje

1f AC. what frequency is required' t-0q r r CIA-W
__Hertz I/- __ Load pattern is weekiy s folLo h:

What range of voltage 2e toleratle ___

HI: volts LOSC is seasoai tannuai cycje':

Lo: volts

What is the peak load demand? LOac repeats as ioiiovs:
Amperes

-/000 Watts
Volt-Ampe reactive

What Is the duration of the peak What type of equipment is being

demand? powered_
___Istantaneous ___________________

__Seconds

._inutea

__Hours

It the peak demand is a motor start- How critical is the load?
ing load, what horsepower is the _e'Load is extremely critical, must
motor? /be maintained at all times.

v-Load is critical, but occasional,
What is the total load demand? short-term failure is tolerable.

7OD-iO'*#att hours per day, Load is not very critical. Syn-

Ampere-hours per day tex should support the loaa X

_Continuous (24 hours per day) of the time.
amperes, or watts

ft Daytime load (% of total)

JO Nighttime load (% of total)

Balance of System Considerations

Is there a specified amount of energy how will the solar array be mounteo;
storage? If so, please list: Ground:
_Ampere hours 0 ___voltS, or Roof:
L.Days autonomy (Sunless operation) Pole:

Will a building be available to house Any special inmtrumentation requireo.
,batteries and electronics? If so,
give dimensions and attach building ___________________
plan if available. N__

Are there any other special consider- Any special control systems requiredY
ations for the PPS? Shoula 6e.
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USA-CERL PHOTOVOLTAIC POWER SYSTEM
CANDIDATE APPL1CAUOh SURVEY

installation: _DV v- A)1*-? ?RO\/VW ~ doRoutiJD Date: _X A2'iO 7______________________ hei.e•: ______ --_

Type of Application: C..ROLA8VE TOWER$ humner o 5itei:
POC: MR~. '3AmFES -P$ _i Phone: 6 OiR ?5 /
Organization/branch: -XNs7Ac' it1-Aj7.7P-/oo) 68tAzc_1
Person Completing Report: . Te-R T e4c-6'A)

Site Data

Latitude: What are the soil conditions:

clay, etc.)

What are the dimensions of the land

available for the solar array?
(Attach site plan if available.) What is the maximum snow accumuia-

NO L.0i iTS tion? __ _ _

What is the site accessibility? Are there any special environmentai

___Excellent (Paved rosa to the aitei conitions?
v-lood (Dirt road, not consistently Ocean environment (Salt water

able to handle trucks) spray/lmmernionh
jFair (May require 4 vheei drive Coastal environment sait water

transportation) /spray only)

j I-'oor (Helicopter or animal trans- _Desert environment tAirborne nano

portation required) and dirt)
Jungle environment tHign tempera-
ture ano condensing humidity)

What is the daily average insolation

for the worst-case month?

Month: _2" nal. (kh m4&ay): Z-10

What are the temperature character- Is special protection requirea

istics of the site., by month? against:
Average hi: M. f onth: 10L __Perching or nesting birds

A7rage lo: K/of Month: T74 _Rodents/Small animals

20 year hi: A. 20 year lo: 4 _Large animals

Fungus
Insects

Is the site in an area of high ___Theft

seismic activity? AIO Vandalism

31



Load Characteristics

Nominal voltage required: AC/DC What is the pattern of load demand,
Loan is the same everyday:

If AC, what frequency is requxreat 4 4otRs P . VA-
Hertz '/- I Load pattern ic weekly as follows:

What range of voltage in tolerable? .J'TA/ g- 74yuJer-
Hi: volts Load is seaoG&4 tannu'ai cycaei:
Lo: volts

What is the peak load demand? LOS repeats as foiiows:
.Amperes__________________

' W*atts - SOO W4 _____________

Volt-AmpE reactive

What in the duration of the peak What type ol equipment is being

demand? powered? ( 0 vrb e- e_ DWr
Instantaneous pa- ot Stheoe+
Seconds V

.minutes
__iHours

It the peak demand in a motor start- How critical is the load?
ing load, what horsepower is the _Load ins extremely criticai, must
motor? No le maintained at all times.

V/ Load is critical, but occasionai,
What in the total load demand? short-term failure is t lerable.

4)6106-,0O•tt hours per day, or _Load is not very critical. Sys-

Ampere-hours per day tex should support the load _

_Continuous (24 hours per day) of the time.
amperes, or watts

S-ODaytime load (% of total)
$e.Nlghttime load (% of total)

Balance of System Considerations

Is there a specified amount of energy Nov will the solar array be mounteo
storage? It so, please list: Ground: X

Ampere hours 0 _vcota, or Roof:
Days autonomy (Sunles operation) Pole:

Vill a building be available to house Any special instrumentation required!
,batteries and electronics? If so,
give dimensions and attach building
plan if available.

Are there any other special consider- Any special control systems requiredY
ations for the PPS?
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USA-CERL PHOTOVOLTAIC POWEk SYSTEM
CANDbATE APPL1CA11ON SUkVEY

Installation: 'DU&W Ay &Io~6 ~ utJDbU DW ba te:/ 4

kel.*: -_ _

Type of Application: Rhiior' p"T# *C4 AI/TD.) Numoer o, 6iteE: jid.
POC: MiK. -Z1" P V"Ys Phone: . 0/- 83/-5 -
Organization/ branch: - AS7XV P1 ROVT7-'P ) /J-'L'
Person Completing Report: F P Tc L "-," *6--4$)

Site Data

Latitude: 9r9'/6 Wn t e thjsoii conditions'
o clay, etc.)

What are the diaenmions of the land
available for the solar array?
(Attach site plan if available.) What is the maximum snow accumuis-

tion_ ___

What in the site accessibility? Are there any special environmentai
___Excellent (Paved roa to the site) conaitions.
__ood (Dirt road, not consistently Ucean environment (alt water

able to handle trucks) spray/immersioni
'- Fair (May require 4 wheel orive __Coastal environment tbait water

transportation) spray only)
__oor (Helicopter or anisal trans- ___Lbsert environment Airoorne sano

portation required) ana dirt)
ungle environment (Hign tempera-

ture ano condensing husiaity)
What Is the daily average insolation
for the worst-case month?
Month:VfX Insol. -_WA7  y): 15'-70

What are the temperature character- Is special protection requireo
istics of the sitej by month? against:
Average hi: -6. - l Month: ZUL ___Perching or nesting bird.
Average lo: o Or Month: --TA) _Rodents/Small animals
20 year hi: A_._ 20 year lo: PA- _Lrge animals

Fungus
Insects

Is the site in an area of high ___Trelt
seismic activity? AID __Vandalism
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Load Characteristics

Nominal voltage required: 1A AC ) What is the pattern of load demand,

Loan in the same everyday:
If AC, what frequency is required o?2 f*out.> rEt D&.Y

Hertz '/- _ Load pattern is weekly on fOlovs:

What range of voltage is tolerable ___

HI: volts Load is Seasonal tannual cycie:

Lo: volts

What is the peak load demand? Loea repeats as loiiovs:

Amperes
(O-IAfWatts

Volt-Asp& reactive

What is the duration of the peak Wnst type of equipment is being
demand? powered?

Instantaneous
Seconds

___Ninutes
___Hours

It the peak demand is a motor start- Ho critical is the load?

Ing load, what horsepower is the ___Load is extremely critical, must
motor? /O be maintained at all times.

/Load is critical, but occasional,
What In the total load demand? - short-term failure is tolerable.

/Yoo-.20oWatt hours per day, Load is not very critical. Sys-

._,Ampere-hours per day tea should support the loao
_Continuous (24 hours per day) of the time.

amperes, or watts
Daytime load (% of total)

_Nighttime load (I of total)

Balance of System Considerations

In there a specified amount of energy how will the solar array be mounteo

storage? It so, ple"e list: Ground:

_Ampere hours 6 ___volta, or Roof:

aDays autonomy (Sunless operation) Pole:

Will a building be available to house Any special instrumentation requiredi
batteries and electronics? It so,
give dimensions and attach building
plan It available. M07O __1____

Are there any other special consider- Any special control systems requiredM

ations for the PPS?
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USA-CERL PHOTOVOLTAIC POWEk SYSTEN
CANDIDATE APPLlCAI1Ih SUkVEY

Installation: TboEL~ C- R~ ptimq e OT uT Date: . kb .
kel.*•:

tt ft

Type of Application: SThi4Gr6 F45-IL77 -.7L4O5. humoer 0i _teE _

POC: MR. NArtNA"k WALkCGp Phone: P"-33- 6I
Organization/branch: .-Rq COoRbNi _ KY weT
Person Completing Report: 2S. POA-- . "T-.A&Atj

Site Date

Latitude: ~ What are the soili conditions'
S clay, etc.)

What are the dimensions of the land
available for the solar array?

(Attach site plan i1 available.) What is the maximum snow accusuia-

AJA tion?

What is the site accessibility? Are there any special environmentuA

___Excellent (Paved road to the site) conaitionse

*v'Good (Dirt road, not consistently __Ocean environment (Sat water

able to handle trucksi spray/immersion)

_Fair (May require 4 wheei arive _ oasta environment tbait water

transportation) spray oniy)

_Poor (Helicopter or animal trans- _kiesert environment (AirDorne Bano

portation required) an dirt)
Jungle environment tHigh tempera-

ture and condensing humiaityt

What Is the daily average insolation

for the worst-case month?
month: Ieal. 0 W ay) : 70

STV/ 142

What are the temperature character- Is special protection required

istics of the site, by month? against:

Average hi: ( *0 0 F  Month: T-'-r Y ___Perching or nesting birds

Average lo:. APF Month: L- . ___Rodents/Small animals

20 year hi:_)U4 20 year lo: A/A __Large animals
_Fungus

Insects

Is the site in an area of high ___Theft

seismic activity? ALD ___Vandalism
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Load Characteristics

Nominal voltage required: ACO What is the pattern of load demanot

Lan is the same everyday:

11 AC, what frequency in requiredl M es ACT dALtI+R.S PST*
Hertz -t- _ Load pattern is weekly on follows:

What range of voltage is tolerable ___

Hi: volts LOaOC Is BeaSOLI tannUai cycle':

Lo: volts

What is the peak load demand? Loan repeate as iioovs:

Amperes
& Oatts or 300 w(PV)

_.Volt-Ampe reactive

What Is the duration of the peak Wnat type of equipment is being

demand? powered? LTIWrj. MJ' h lIpo INTRlId0

__Instantaneous PcTh T !

Seconds

__minutes
. .iours

It the peak demand in a motor start- Ho critical in the ioad7

Ing load, what horsepower is the vLoad is extremely criticai, must

motor? NO be maintained at all times.

L-Lod is critical, but occasional,

What in the total load demand? short-term failure is tolerable.

4' 100 Watt hours per day, Load is not very criticai. Sys-

Ampere-hours per day tep should support the ioao __

__Continuous (24 hours per day) of the time.

amperes, or watts

5, Daytlme load (Z~ at total)
fO_ Nighttime load (X of total)

Balance of System Considerations

In there a specified amount ot energy how will the solar array be mounted:

storage? It so, please list: Ground: v- (. an - o =.Loo

-Ampere hours ___volta, or Roof:

J-,,__Daym autonomy (Sunlems operation) Pole:

Vill a building be available to house Any special Instrumentation requireOi

,batteries and electronics? If so,
give dimensions and attach building

plan It available. yes. "D1Ma jS/___

Are there any other special consider- Any special control systems requiredY

atioms for the PPS? ALRaIDY_
Co m#T-rs TO err~jP~Di6- UTic iTY

I-AF- b to jr&COO SIMS
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USA-CERL PHOTOVOLTAIC POWEk SYSTEM
CANDIDATE APPLICAIlUh SUJVEY

Installation: 7Z>0OELG. ANM'f T,.Por. VF' bate: 2-eS e
kel. •

Type of Application: iIOI.)A.VG iQ:'s T7i 5rfrf/d'NNumber o :iteE:
POC: vik. ArrTrkt) UjkriiA-L K Phone: O- 61&3- 9/
Organization/Branch: NEr V CooR.b i i 4-TOR.
Person Completing Report: Ix. PETE.Z& r-eA-&fj

Site Data

Latitude: q40 What are the soil conditions'
n , clay, etc.)

What are the dimensions of the land
available for the solar array?
(Attach site plan if available.) What is the maximum snow accumuis-

AJ* tion? -

What is the site accessibility? Are there any special environmentai
Excellent (Paved roa0 to the sitei conaitione:

.-Good (Dirt road, not consistently Ocean environment (Salt water
able to handle trucks, spray/immersaon,

Fair (May require 4 vheei drive CoastaL environment teit water
transportation/ spray only;

___Poor (Helicopter or animal trans- -,/eaert environment AirDorne sano

portation requiredl, ana dirt)
Jungle environment tHign tempera- A .

ture ano condensing humidity)
What is the daily average Insolation

for the worst-case month?
Month: J I Insol. ( Wh r1-..mL4 : 'Amy O

What are the temperature character- Is special protection requirea
istics of the site, by month? against:

Average hi: &OF Month: TUGY Perching or nesting birds
Average lo: IlF Month: ,TJA) Rodents/Smail animals

20 year hi: A44 20 year lo: _ Large animals

Fungus

Insects
Is the site in an area of high Thelt

seismic activity? A10 Vandalism

____Tactical activities
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Load Characteristics

Nominal voltage required: ACO What is the pattern of load demand,

Lobo is the sere everyday:
I AC, what frequency is requiredi C2 MS Hie $ 6k MY
__Hertz */- __% Load pattern is weeKly as follows:

What range of voltage is tolerable'.,
Hi: volts Load is 5easor, a annua cycie):
Lo: volts

What in the peak load demand? Lobo repeats as fllows:
Amperes

0129 Watts 0 ioo- 10ow ofTvV
__Volt-Ampt reactive

What is the duration of the peak What type of equipment is being
demand? powered?

__Instantaneous

__Seconds

___Minutes

Cj.Jfours

It the peak demand is a motor start- how critical is the load?
ing load, what horsepower is the Load is extremely critical, must
motor? /be maintained at all times.

VLoad is critical, but occasionai,
What is the total load demand? short-term failure is toierabie.

qiOc_Watt hours per day, Load is not very criticai. Sys-
__Ampere-hours per day tew should support the load __
___Continuous (24 hours per day) of the time.

amperes, or watts
0.b aytime load (% of totai)
'ONighttime load (% of total)

balance of System Considerations

Is there a specified amount of energy how viii the solar array be mounteo;
storage? I so, please list: Ground: __

__Ampere hours __ volts, or Roof:
-Days autonomy (Sunless operation) Pole:

Will a building be available to house Any special instrumentation requirea
batteries and electronics? If so,
give dimenions and attach building
plan it available.

Are there any other special consider- Any special control systems requiredt
ations for the PPS?
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USA-CERL PHOTOVOLTAIC POWEk SYSTEM

CANDIDATE APPLICAIICN SUkVEY

Installation: PokrT 1t LI&6 7TT- CEte _____7_

ks1. C:

Type of Application: RArk*rr. /*i A/6. 6f'7'*i; Nummer or ites:.
POC: . BRLG. C.,OAJS Phone: . _ .3-- S-li'-
Organization&/branch: X ' r4V^W1/V T7f 72 d^ " OA'*JI)
Person Completing Report: -t . P r-l 1A <-A

Site Data

Latitude: LJ What are the soi conditxonsB

, clay, etc.

What are the dimensions o the land
available for the solar array?
(Attach sate plan it available.) What as the maximum snow accumuja-
Ou mow-rikiT "rPs tion __

What is the site accessaiblaty? Are there any special environmental
___Excellent (Paved rosa to the sateo conaations'

Good (Dirt road, not consistently _ cean environment (Salt water

able to handle truckat spray/aimersion)
___Fair (May require 4 wheel drive V/Coastal environment tbait water

I transportation) spray only)
VPoor (Helicopter or animal trans- __Desert environment (Axrorne sano

portation required) and dirt)

.Jungle environment tHigh tempera-
ture ano condensing humiacty)

What is the daily average insolation

for the worst-case month?

Month: *D C Insol. (bwhP.tmL sy): 'boo

What are the temperature character- Is special protection requireo
istics of the site, by month? against:
Average hi: /_F Month: .UL. - Perching or nesting birds
Average lo: 45"r Mlonth: - __Rodents/Small animals

20 year hi:.ew 20 year lo:± . _ Large animals

*..ungus
_Insects

Is the site In an area of high Tnelt
seismic activity? PFhy T __Vandalm
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La d Characteristics

Nominal voltage required: ACO What as the pattern of load demand",
Loan is the sase everyday:

If AC. what frequency in requiredi V'WpSN tS ObJ F/l.p **sMj4/V 1 r.
-Hertz 'I- I Load pattern is weekly an follows:

What range of voltage is tolerable?
MI: _ _volts Load is Beasor.a Lannuai Cyclei:
La: volts

What is the peak load demand? Losa repeats as loLIaos:
_Amperes
awam~ttsr&0

_Volt-Amps reactive

What Is the duration of the peak What type ol equipment is being
demand? powered? R.6-p- ! 5PJA6J-

Instantaneous % & AU pM JT-
___Seconds
__._inutes

__h ours

I1 the peak demand is a motor start- How critical is the load?
ing load, what horsepower in the ___Load is extremely critical, must
motor? be maintained at all times.

_/Load is critical, but occasional,
What is the total load demand? short-term failure is tolerable.
_Watt hours per day, or Load is not very criticai. Sys-
_Ampere-hours per day te should isupport the loa_
___Continuous (24 hours per .1a,,) of the time.

amperes, or watts

..Dsytime load (% of totaL)
___Xighttime load (% of total)

Balance of System Considerations

In there a specified amount of energy how will the sIar array be mounteo:
storage? If so, please list: Ground: V/.

Ampere hours 0 __volts, or Roof:
C.Days autonomy (Sunless operation) Pole: _

Vill a building be available to house Any special instrumentation required!
btteries and electronics? If so,
give diaensions and attach building
plan It available. O

Are there any other special consider- Any special control systems requiredY
ations for the PPS?
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USA-CERL PHOTOVOLTAIC POWEk SYSTEh

CANDIDATE APPLICAIIUh SUkVEY

Installation: Fo IZT 1%415j; bat e:6/21~
F-L I-As5o -rx iel. F __

Type of Application: A_ __ 7-______ ,_)__ _ _umDe_ _3 _aeE:_

POC: I)r. 1Dt%)Y K _I' , Phone: 9/----- - d

Organization/hranch: PATA ACQui TI o
Person Completing keport: LS F- AK)TZ- I

Site Data

Latitude: Aki '4What are the soil conditionE'

(Sandy, 0 iI)clay, etc.

What are the dimensions of the land

available for the solar array?
(Attach site plan if available.) What is the maximum snow accumula-

UPLZKr~eLY Toar s i2r= ~ii 1  tion' f,2 I ic t4 &.

What in the site accessibility? Are there any special environmental

___Excellent (Paved road to the site) concitionE£
Good (Dirt road, not consistently Ocear, environment tSait vate

able to handle truckEi sprsy/immersion)
/Fair (May require 4 vneel orive Coaetal environment teit water

transportationh ,apray only)
/Poor (Helicopter or animal trane- Vesert environment tAirDorne Land

portation required) and Cirt)
Jungle environment (Hign tempera-
ture and condensing humicity)

What is the daily average insolation
for the worst-case month?
Month:_PC Insol.(k~hj ftlfday): 103 _.

What are the temperature character- Is special protection requirea
istics a the site, by month? against:
Average hi: ' onth: 4Q6- Perching or nesting birds
Average lo: 4 3./ °, Month: J7k) _Vkodents/Small animals
20 year hi: 113 20 year lo:/j __Large animals

FunguE
Insects

Is the site in an area of high ___Theft
seismic activity? 0A.) A Fpt .&f Vandalism

L A c-7 -I ri T ___Tactical activities
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Load Characteristics

Nominal voltage required: 1, What is the pattern of loaa demao
Loan is the ses everyasy:

1i AC, what frequency is require___
Hertz *t- _ Load pattern is weekiy as ioliove:

V1M - "Iff r? (zAOReST Per,
What range of voltage ie tolerable': _ Ar S~F-V'A DAYS' P.e- weJiE
Hi: volts Loac is sebscr.a&i tannu .! cycieji
Lo: volts nO

What in the peak load demand? LOac repeats as loiiovc:
CLAmperes
(gWatts
__Volt-AmpE reactive

What is the duration of the peek What type of equipment is being
demand?! powerede %MQ& E_ M FA&,'&,A
__Instantaneous --, _ _ __ ___S

Seconds
__Minutes
__Houra

I the peak demand is a motor start- HoW critical is the load?
ing load, what horsepower is the _ZLoad i8 extremely critical, must
motor? _be maintained at all times.

V Load is critical, but occasional,
Whet is the total load demand? short-term failure is toierable.

,<Watt hours per day, or _Load is not very criticai. Sye-
Ampere-hours per day tew snould support the ±oao _

___Continuous (24 hours per day) of the time.
amperes, or watts

/70 Daytime load (% of tota!)
jighttime load (% of total)

Balance of System Considerations

Is there a specified amount of energy ho vill the soiar array be mounteo;
storage? If no, please list: Ground:

Ampere hours @ volts, or hoof:

.2-..Days autonomy (Suniess operation) 1k f / O T I ..(O/

Will a building be available to house Any specia.. instrumentation required;
batteries and electronics? 1f so,
give dimensions and attach building
plan if available. n± . .

Are there any other special consider- Any special control systems required?
ations for the PPS?- KU T 3 F_

MOlbI L E 4AJD tv'6T74-r,- ______a_________p
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USA-CERL PHOTOVOLTAIC POWEk SYSTEh
CANILATE APPL1CAIUOh SURVEY

Installation: FoRT 8Ll5s. TK bate-.: z
I itel. r:

bAiTeP_ C*IAF ERA Fbk~ 1E-K&_F,,VC-Y
'POWA~k SO PPL Y FOR QOTMP 1.0-LLS

Type ot Application: Brrv=_Ky C*Ag _Z.E- humer o3 .teET:
POC: F%LIU I c ' Pnone: ?i.s-7jI - (0.2 ?L
Organizat ion/rhrach: E Me& e Sc VAT a 0
Person Completing keport: QLE. FPAT-z IS

Site Data

Latitude: 3 F&'-qeL~EVAJ-10AI What are the soil. conditiorE',

(03) Q clay, etc.)

What are the dimensions ot the land
available for the solar array?
(Attach site plan it available.) What is the maximum snow accumuia-

No 5t2F Ll"'IT tion! c2 i tAces MAX FO 6. K~tS.

What is the site accessibility? Are there any special environmental
Excellent (Paved roac to the site concatlonrt

eood (Dirt road, not consistently __cear, environment tSBat water
able to handle truckei spray/immersion)

___Fair (My require 4 vneez arive Coastal environment (zai water
transportationi /spray only;

Poor (Helicopter or animal trans- VLAesert environment (AirDorne Bsno
portation required) ano dirt)

Jungle environment cHign tempera-
ture ano conoensing humicity)

What is the daily average insolation
tor the worst-case month?
Month: DaC. Insol. (k*hr44aly): 1J03.

urv/ 2

What are the temperature character- Is special protection requireo
istics ot the site, by monthl against:
Ai.erage hi:fO,5 Month: 406- Percnina or nesting birds
Average 1o: 'f3.&i Month:. T_ kodents/Smail animals
20 year hi:j~,f- 20 year lo: /014r Large animais

FunguE
Insects

Is the mite in an area of high __Tneft
seismic activity? ot' A rAvJL.T _1nvandalism

80T Uc /A-Va Ti _Y Tactical activities



Load Characteristics

Nominal voltage required: AC___ What i the pattern o lo o emaria
Loanas the same everyday:

It AC, what frequency is required'i 60C V.R. .r ,
Hertz ./- _ Lola pattern is weeKly as ioliovs:

nNIE -rMgr PR .otgE - 64r
Whet range of voltage is toleraTle. _ _ _ _ _ _ _ __ ___

Hi: 362 volts LOBC 12 Be5bBD, i5 kannUal cyC.eJ;
Lo: , volts NO

What is the peak load demand? LoGO repeatE aE 1o11ovE:

Y4.Amperes
_WfittE

Volt-AmpE reactive

What is the duration of the peak Whnt type of equipment is being
demand? povered?_(oV 64::oL1Na OQ) ~ GSC

Instantaneous and DiES6L EW,)sc 1
Seconds &0- 70 A

.Minutes

.Hours

It the peak demand is a motor start- how critical is the load?
ing load, what horsepower is the _Load as extremeiy critical, must
motori _be maintained at all times.

V/Load is critical, but occasionai,
What is the total load demand? short-term failure is toierabie.
YWatt hours per day, or Load is not very critical. Sys-

Ampere-hours per day tew shouid support the ioo _

___Continuous (24 hours per day) of the time.
amperes, or watts

IQOaytime load (% of total)
_W.Nighttime load (% of total)

Balance of System Considerations

Is there a specified amount of energy how wii the soiar array be mounteo;
storage? If so, please list: Grounc:

-Ampere hours @ __volts, or koot: ON Rof o WWLAW K L 8I(P lOg'J)
__Days autonomy (Sunless operation) Pole:

Will a building be available to house Any special instrumentation requirea;
batteries and electronics? If so,
give dimensions and attach building
plan if available. Rcom AVRILABLE,

.XF r-aea
Are there any other special consider- Any special control systems requiredi
ations for the PPS? VftKA.)S,4) __ _ _ _
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USA-CERL PHOTOVOLTAIC POWEk SYSTEM

CANDiDATE APPLICA71Uh SURVEY

Installation: FORT 6LI'ES ate: / ;x

FL ?A-So -T) (Z.U ___

CLf4*Q~CF. (A&ftTS OA) 6/TD w r0 11As

Type of Application: C.L j_ ,1)vCa 1I& -iuer oi DiteE:f_
POC: C-7ML10 FcjtJtOM Phone: _______

Organization/Branch: F A/)jEV6-V ctJ'AJ VA4.TI0J
Person Completing Report: .- ISA4 _4 / 2T/JS

Site Data

Latitude: _ _ _ _/_ What are t*&soil conditions'
~ clay, etc.)

What are the dimensions of the land
available for the solar array?

(Attach site plan if available.) What is the maximum snov accumuLa-

What is the site accessibility? Are there any speciai environmentai

Excellent (Paved roac to the site concitions':
VGood (Dirt road, not consistently Ocean environment kSalt water

able to handle trucks.! spray/mmerseon)
Fair (May require 4 wneei orive Coastai environment kbait water

transportation, spray oniy)
Poor (Helicopter or animal trans- VDesert environment (AirDorne sand

portation required) and dirt)

Jungle environment (hign tempera-

ture ano condensing humiaityi
What is the daily average insolation

for the worst-case month?
Month:PAC. Insol.(kVr4ml Idda):630.7

What are the temperature character- In special protection requireo
istics of the site, by month? against:

Average hi: 90.5"Mflonth: A - ___Perching or nesting birds

Average lo: -V. Month: ./76V( kodent/Smail animals
20 year hi: /1: 20 year lo: /2 - Large animals

___FunguE
Insects

Is the site in an area of high ___Theft
seismic activity? .0p _L,, V- * ndaiism
.R T JO ,1 TITr ___Tactical activities
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Load Characteristics

Nominal voltage required:jQ _(A A DC What is the pattern of load demand?
Loan is the same everyday:4k/

It AC, vhat frequency in required?' i

. Hertz .1- -LX Load pattern is weekly as followe:

What range of voltage ie tolerable'
Hi: volts e, LOBO IS 3easor,ai annubi cyclej:

Lo: volts 10_Z

What is the peak load demand? Loao repeats as loilovs:
Y,&Amperes

,5=_Watte

Volt-AmpE reactive (205157___E

What is the duration ot the peak What type of equipment is being

demand? powered? Cj /9AJ E (i6#-
Instantaneous

__Seconds
minutes

amours 65 3T JT-

I the peak demand is a motor start- How critical is the load?

ing load, what horsepower is the Load is extremely critical, must
motor? /be maintained at all times.

_Load is critical, but occasional,

What is the total load demand? short-term failure is tolerable.

1o00 Watt hours per day, or Load is not very criticai. Sys-

/oo,Ampere-hours per day ter should support the Ioa

___Continuous (24 hours per day) of the time.

amperes, or watts
'f__ aytime load (% of total'

,O Nighttime load (% of total)

Balance of System Considerations

Is there a specified amount of energy how will the solar array be mounted.
storage? If so, please list: Ground:

-Ampere hours @ volts, or Roof: 6jJ RmF or ( VT -i o--E

o Days autonomy (Sunless operation) Pole:

Will a building be available to house Any special instrumentation required;

batteries and electronics? It so, N V -ERP IF U $ 'SAMeF
give dimensions and attach building AC- LI-Iff-5.

plan if available. __

Are there any other special consider- Any special control systems requiredl

ations for the PPSt V0AtJDpii5& )J
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USA-CERL PHOTOVOLTAIC POWEk SYSTEM

CANDIbATE APPLICATIUOh SUkVEY

Installation: FoiRT 1A*Ltit*A1CA Date:

Type of Application: PAJ&LE ?A a..w d I=itTF$ humoer 02 i)iteE,:I
POC: IM T 4o CbCA*RI0kQ Phone: ____3k-_VV _
Organization/Branch: COAITITwr M*A'A6.I/'W'
Person Completing Report: 41,54 iffC441V7

Site Data

Latitude: 31 '30 WhaI -re the soil conditions.
~ ~ clay, etc.)

What are the dimensions of the land

available for the solar array?

(Attach site plan If available.) What is the maximum snow accumuia-

I'10 51 7_ F L I mI T$ tion, w~tE.

What is the site accessibility? Are there any special environmentai

VExcelent (Paved road to the site) conditions*

___Good (Dirt road, not consistently _Ocear, environment (Salt water

able to handle trucksi spray/immersion
Fair (May require 4 wheei drive Co stai environment t:= at water

transportationi .pray oniy)

__Poor (Helicopter or animal trane- _./nVmert environment (Airoorne 5ono

portation required) and dirt)
-Jungle environment tHign tempera-
ture ano condensing humidity)

What in the daily average insolation
for the worst-case month?

Month :_ Insol. (4 b/00'.4a):/O
BTU/ FT2-

What are the temperature character- In special protection required

istics of the site, by month? against:

Average hi:__%gff Month: 5N)E ___Perching or nesting birds

Average lo: a~r- Month: AO _Rodents/Small animals

20 year hi: ? 20 year _____ __Large animals

FunguE

Insects
Is the site in an area of high Theft
seismic activity? NO Vandalism
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Load Characteristics

Moamnal voltage required: I GLO DC What as the pattern o load demanci
84'T COuLD COMVGR TO VC. 5Y5TCI Loan is the name everyday: JL-

1t AC, what trequency is requiredt _

4_Hertz -/- % Load pattern is weeKly as follows:

What range ot voltage is tolerable' __

Hi: Io volts LOBC 15 seasonal (SnnU&I CyClej:

Lo: _QS volts

What in the peak load demand? Laoa repeats s loiiovs:

Amperes _________________

I _ mWatts
Volt-Amps reactive

What is the duration o the peak What type of equipment is being

demand? powered? PU6IC 95 5_S
__Instantaneous ht
Seconds

4jtHours(Lt.t

It the peak demand is a motor start- Hov critical is the load?

ing load, what horsepower is the _Load is extremely critical, must
motor? NO /be maintained at all times.

V Load is critical, but occasional,

What i the total load demand? short-term failure is tolerable.
505OWatt hours per day, or Load is not very critical. Sys-

Aspere-hours per day tex should support the ioad __

k46Continuous (24 hours per day) of the time.

amperes, or watts
3. Daytime load (% of total)

LOQNighttime load (% of total)

Balance of System Considerations

In there a specified amount of energy how will the soxar array be mounted;

storage? It so, please list: round: a-<

, _OAmpere hours ___Volts, or Root:
/;IDays autonomy (Sunless operation) Pole:

Will a building be available to house Any special instrumentation requireOc

batteries and electronics? It so,
give dimensions and attach building
plan it available. YFS OhtOR_____

IRWP% NeAP-BY (gXO_-4o A4
Art there any other special consider- Any special control systems requiredl
ations tr the PPS?
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USA-CERL PHOTOVOLTAIC POWER SYSTEM

CANDIDATE APPLICAI1UN SURVEY

Installation: FoRT RuLActI400A Da t e

S- I. E 7-A v$ A4 heFl,,___._

Type ot Application: /kt-k S4TL4tIe ov~ R't'jT*,g#) Tetumoer 01iitE
Poc:R At7A " A &ARR I H A M Phone: Z ?-bc'
Organization/Branch: 05 A Y -AM. ?)V| 6 .OUNJ3 CST' ..-Lo'
Person Completing Report: 7-/- -v2.T/5

Site Data

Latitude:- L/03 What are the sail conditions',

What are the dimensions 
oa the land

available for the solar array?
(Attach site plan if available.) What is the maximum snov accumuia-
baT07 f11,*f-f6GaI~ *r-r 7f1S 71h4 tion? l. crWtF-S

What is the site accessibility? Are there any special environmentai
__Excellent (Paved road to the site) conaiatonsE
__Good (Dirt road, not consistently __Ocean environment (&ait water

able to handle trucks spray/immersions
__Fair M(ay require 4 wheei drive __Coastal environment tbait water

transportation) pray only)
"'Poor (Helicopter or animal trans- V Desert environment tAirorne sano

portation required) and dirt)
-Jungle environment (High tempera-
ture ano condensing hunialty)

What is the daily average Insolation
for the worst-case month?
fonth:j f& Insol. CkhW.a ): 1100

What are the temperature character- II special protection required
Istics o the site, by month? against:

* Average hi: &S" Month: Z'(Y _Perching or nesting birds
Average lo: &0,0 Month: -- Q ___Rodents/Small animals
20 year hi: ? 20 year 1o: ? Large animals

__Fungus
Insects

Is the site in an area of high ___Theft
seismic activity? 14O _Vandalism

1e L6it 0JW &
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Load Characteristics

Mominal voltage required: IbO A/DC What is the pattern ot load demand,

Loan 1s the same everygay:

11 AC. what frequency is required! (a'Z t'; A6-W4')
&DHertz -/ -0_f Load pattern is veekiy as foiliovs:

What range of voltage is tolerable.,
Hi: j - volts LOGO is seasor,ai tannuai cyciej:

Lo: volts SAME. Y66kq 4eAkO J>

What is the peak load demand? LOBO repeats as bloyvs:

_'Amperes
/0PO watts

d. olt-Aaps reactive

What iL the duration of the peak What type of equipment is being

demand? powered?

__Instantaneous
Seconds

i7 lInutes

___Hours

It the peak demand is a motor start- Hov critical is the load?

tig load, what horsepower is the /Load is extremely critical, must

motor? A) be maintained at all times.
Load is critical, but occasional,

What is the total load demand? short-term failure is tolerable.

__Watt hours per day, or No 'Sc __Load is not very critical. Sys-

Ampere-hours per day tew Inouid support the loao __x
C___ontinuous (24 hours per day) of the time.

amperes, or watts

_Daytime load (X of totail)

j_ Nighttime load (% o total)

Balance of System Considerations

In there a specified amount of energy how will the soiar array be mounted;
storage? It so, please list: Ground: L..

Ampere hours * ___volts, or Roof:

Y Days autonomy (Sunless operation) Pole.

Will a building be available to house Any special instrumentation requireao

batteries and electronics? If so,
give dimensions and attach building
plan i available. NO

Are there any other special consider- Any special control systems requiredl

ations for the PPS? MVuT BE
Fo rA A _ ___ _
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USA-CERL PHOTOVOLTAIC POWEk SYSTEM
CANDIDATE APPLICAT1h SUkVEY

Installation: FoP-T KUArL4CAUC4# Date:-~1 ~
So EPA- V,5sTA, t e.:_ _

Type of Application: _M013Le FIgRIU& RKPJ--0 humoer o1 SiteE:3O MOfTOOC5

POC: mit. choff4(-gs 4NTAG-. Phone: G02-53& fy,'?
Organization/branch: - R X.d)6-0 CdONM'VO.,
Person Completing Report: LISA / -A5J-

Site Data

Latitude: 3/3 OWhat are Ai soil conditions'
(cc clay, etc.)

What are the dimensions of the land

available for the solar array?

(Attach site plan If available.) What is the maximum snow accumuia-
A,4Jo S/Ze e/A1,T5 tion? 1 me- Hes

What is the site accessibility? Are there any special environmenta

Excellent (Paved road to the sitei conaitions:
v7 Good (Dirt road, not consistently Cicear. environment (Sait water

able to handle trucks, spray/immersion,
Fair Hay require 4 vneei drive Coastal environment : ait water

transportation, . ray only)
___Poor (Helicopter or animal trans- (L0esert environment tAiroorne sano

portation required) ana dirt)

Jungle environment (High tempera-

ture ana condensing humidity)
What is the daily average insolation

for the worst-came month?

Month:_E_ Insol. 4r 1 y): IIoo

What are the temperature character- Is special protection required

istics of the site, by month? against:

Average hi: f.2'.f. Month: SLf-l Perching or nesting birds

Average lo: d;W/.. onth: -1 ___Rodents/Small animals
20 year hi: ? 20 year lo: arge mnimais

Fungus
Insects

Is the site in an area of high _Theft
seismic activity? NO Vandalism

5ut-Le s
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Load Characteriatice

Nominal voltage require: VDC What is the pattern of load demand*
Fo i KaTOk$ OC kSLAOS Loao 1 the same everyaay: NO

If AC, vhat frequency is required? '- S )hcS pwx P/t F
Hertz ./- X Load pattern is weekiy as follows:

r~o 274Y A.=_9 A6
What range of voltage is tolerable'.,
Hi: volts LoaC is seasonal %annuai cyciei:
Lo: _ volts A10

What is the peak load demand? LOac repeats as loiiovs:
E.Amperes NO P 477AXIQ)

tdo atts

Volt-Amps reactive

What in the duration of the peak Wnat type of equipment is being

demand? powered? ftoMToyns FO& H3j f4
_Instantaneous___________________

__Seconds
Minutes

__Hours

If the peak demand in a motor start- How critical is the ioad?
ing load, vhat horsepower is the __Load is extremely critical, must
motor? . be maintained at all times.

V*Load is critical, but occasionai,
What in the total load demand? short-term failure is tolerable.
1O Watt hours per day, or Load is not very criticai. Sys-

Ampere-hours per day ter should support the 1oa
___Continuous (24 hours per day) of the time.

amperes, or vatts
IPaytIme load (X of total)

._.ighttIae load (% of total)

Balance of System Considerations

Is there a specified amount of energy how will the solar array be mounted;
storage? If so, please list: Ground:

-Ampere hours 0 ___volts, or Roof:
Days autonomy (Sunless operation) Pole.

Will a building be available to house Any special instrumentation requireai
batteries and electronics? If so, R b1or cooT1irot MicoT
give dimensions and attach building B3 vs i -oD
plan It available. Vj,,IK5L__"

Are there any other special consider- Any special control systems required!
ations for the PPS?
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USA-CERL PHOTOVOLTAIC POWEk SYSTEM
CANDIDATE APPLCAI1Oh SURVEY

Installaton: FOPT h'vi4 C'Cf bate:_____

Type of Application: __________________o2__________000

Poc: W. 4-i'JA- ogt4~kki 14VA Phone:- 6p-55& -4420Z
Organizatior/branch: U.S ,4./'1J' L C-.o./C- Ae.k 4 '/WX _I6 6 : :KI)J>

Person Completing Report; 4.-AW R/q 7 -7- 42--S

Site Data

Latitude: ______________ What are th mil conditions':
~clay, etc. )

What are the dimensions of the land
available for the solar array?
(Attach site plan it available.) What is the maximum snow acculuia-

& 77e/ 1 0 5 /2 r- tion' R- -a i#A-HjjS5

What in the site accessibility? Are there any special environmentai

_E_xcellent (Paved rosao to the mitep conactaons':

G___od (Dirt road, not consistently __Ocean environment iSalt water

able to handle trucks) spray/immersion)

V"_Fair (May require 4 wheel drive Coastal environment t=ait water

transportation) /spray only)

00oor (Helicoptetr or animal trans- beert environment tAirbOrne sano

portation required) and dirt)

-Jungle environment tHigh tempera-
ture ana condensing humadity)

What 11 the daily average insolation

for the worst-case month?

8onth:.2E( Insol.( (h '-m4ay): 1/00,3f% /P rz-

What are the temperature character- Is special protection required

lotion of the site, by month? against:

Average hi: fonth: __perching or nesting birds

Average lo: o Month: Z7?-/ ___Rodente/Slall animals

20 year hi:._ 20 year lo: __L.arge animals
_Fungus
Insects

Is the lte In an area of high Theft

seismic activity? A0 ___Vandalism

.53 V L1 &Hr -116-



Load Charcteritic.

Nominal voltage requiredD:_.C What is the pattern ot load demand*

Loan in the same everyday:
If AC, what frequency in required? : g 5 A1=e
g'IHertz *t- _ Load pattern is veekly as follovs:

What range ot voltage is tolerable',
Hi: volts Load is *easoa i lannuai cycle,:
Lo: volts /)6

What is the peak load demand? Loa repeats as folloVs:
Amperes

,'JW.watts - 5 K)
Volt-Ampt reactive

What is the duration of the peak What type of equipment is being

demand? powered? PE 4"~ie L 7 V ,
Instantaneous ratr /, T n _./or.

_Second:s 4~~ ?POWo CS7(.Lmi_.nutes Vo P I as
H_..ours

It the peak demand in a motor start- Hov critical is the load?
ing load, what horsepower is the -4oad is extremely critical, must
motor? 14e maintained at all times.

Load is critical, but occasional,
What is the total load demand? short-term failure is tolerable.

.21/06__Watt hours per day, wro 'OOkkAs Load is not very critical. Sys-
Ampere-hours per day ter should support the loa_

__Continuous (24 hours per day) of the time.

amperes, or watts
_Daytime load (I of total)

Nighttime load (X of total)

Balance of System Considerations

Is there a specified amount of energy hov will the solar array be mounted:
storage? If so, please list: Ground:

Apere hours 6 _volts, or Roof:
4;A lyn autonomy (Sunless operation) Pole:

Vill a building be available to house Any special instrumentation requireoi
,batteries and electronics? 11 so,
give dimensions and attach building
plan It available._

Are there any other special consider- Any special control systems requiredY
stions for the PPS?
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USA-CERL PHOTOVOLTAIC POWEk SYSTEM
CANDIDATE APPL1CAIlh SUkVEY

Installation: FofT - frU,-C-t1UC1#+ D'ate:-
S3skA V157-TA OMF ______

Type of Application:- RAPIO R6" 0 5 &e1 huMDeT 02 SIteE: 3

POC: i4#R. -D4+iK)# t~ie&i A44IW Phone: k02. - S-3P-6O/
Organization&/branch: _U5 idi'MA 67(o41COVIA16- 67CO4"bCT4Au~
Person Completing keport: 1-'J54 ='.4A1MJt ,

Site Data

Latitude: ./jo What are the somi conditions',
(Sandy,Eo) clay, etc.)

What are the disensions of the land
available for the solar array?
(Attach site plan it available.) What is the maximum snow accusus-

AkA7 Ak'-.4 c tion? IiZ- I ovcHEfis

What is the site accessibility? Are there any special environmentai
E___xcellent (Paved rosao to the site) concitions?

___Good (Dirt road, not consistently Ocean environment tSalt water

able to handle trucks) spray/immersion)
Fair (lay require 4 wheel drive Coastal environment tait water

tranaportation) pray oniy.
t-Poor (Helicopter or animal trans- r.besert environment tAirorne sano

portation required) and dirt) f O '--TAi tQ)S

__Jungle environment tHigh tempera-
ture and condensing huaiity'

What is the daily average insolation
for the worst-case month?
Month: Insol. (kIbv As@ 110c>

What are the temperature character- Is special protection required
Istics of the site, by month? against:
Average hi: S Month: 3 -Perching or nesting birds
Average lo:1/.- Month: ZA-..) ___Rodents/Small animals
20 year hi: 20 year lo: ? ___Large animals

._Fungus

Insects
Is the site in an area of high _ Thet
seismic activity? NO ___Vandalism

Le5
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Load Characteristics

Nominal voltage required: 1|1 AC#e What is the pattern ot load demand,
Loan is the same everyay:.4 V...

I f A C , w h a t f r e q u e n c y i s r e q u i r e d ? _ _ _ _ _1 _ _t h e _n a m e _ _ _ _ _ _ _ _ _ _ _ __r _ _ _

Hertz ./- X Load pattern is weekly as tollows:

What range o voltage is tolerahle' ror P w -.e-- m AJ
Hi: volts Load is seasonal tannuai cyciei:

Lo: volts AIC

What in the peak load demand? LoSa repeate as follows:

(O.Amperes

Volt-Amps reactive

What is the duration ot the peak What type o equipment is being

demand? powered? R iti A f -"c71 34F
Instantaneous AT TV mIL-f
Seconds
Hinutes

TiHoura

11 the peak demand is a motor start- How critical is the load?

ig load, what horsepower is the VL-oad is extremely critical, must
motor? be maintained at all times.

_Load is critical, but occasional,
What is the total load demand? short-term failure is tolerable.

? OWatt hours per day, or Load is not very critical. Syn-
Ampere-hours per day tex should support the loa

_Continuous (24 hours per day) ot the time.
amperes, or watts

i__Daytime load (% of total)
_Nighttime load (% of total)

Balance of System Considerations

Is there a specified amount ot energy how will the solar array be mounted.

storage? If so, plese list: Ground: '-f.

Ampere hours * ___volts, or Root:
_Days autonomy (Sunless operation) Pole:

Will a building be available to house Any special instrumentation required!

,batteries and electronics? It so,
give dimensions and attach building
plan If available. NO

Are there any other special consider- Any special control systems requiredY

ations for the PPS?
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USA-CERL PHOTOVOLTAIC POWER SYSTEI
CANLIATE APPLCAIIUN SUkVEY

Installation: F6 RT t-IUkckucA ba te: & 3- rS7-_
5PkfzA VISTA NM kel.#:

Type of Application: "AAr)i9 r7cA T6*A T -467-TTSr* humoer o3 iteE:. J
POC: MR. Ctt4AlR ,ITk , Phone: &7- <39 - 81, y
Organization/Branch: RAN-E CON T90 L,
Person Completing Report: 4/4 F/0417-d

Site Data

Latitude: 3120 Wh-re the sail conditions'
e c clay, etc.)

What are the dimensions of the land
available for the solar array?
(Attach site plan if available.) What is the maximum snow accumuis-

jo '5tj ZE 4/01rs tion? C- <cos

What is the site accessibility? Are there any special environmentai
_Excellent (Paved roac to the sitep conaitionse
__-Good (Dirt road, not consistently Ocean environment (Salt water

able to handle truckE. spray/immersion.
L*F air tey require 4 vheei drive Coastai environment bait water

transportation) ./pray oniy,
___Poor (Helicopter or animal trans- V besert environment tAiroorne sano

portation required) and dirt)
Jungle environment (hign tempera-
ture ano condensing humidity-

What Is the daily average insolation
for the worst-case month?
Month: P0_ Insol.lkWftrYV6ir ): 100

What are the temperature character- Is special protection requirea
istics of the site, by month? against:
Average hi: .ao2C Month: .Lv/ . -Perching or nesting birds

Average lo: oae," Month: -T IV ___Rodents/Small animals
20 year hi: ? 20 year lo: ? _Large animals

.Fungus
Insects

In the site In an area of high __Theft
seismic activity? IU Vandalism
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Load Characteristics

Nominal voltage required: AC/DC What is the pattern of load demanod

Loso is the same everyday:
It AC, what frequency is requiredi

Hertz '/- _ Load pattern is weekly as follows:

What range of voltage le tolerade" Ca' Apes 5 PAY
Hi: -volts Loac is seasor %a nnuai cyceJ:

Lo: volts Ada

What is the peak load demand? LOSs repeate as loiiovs:

Amperes NOT /VV4i t__ __L__

WsttF

Volt-AmpE reactive

What is the duration of the peak What type of equipment is being

demand? powered?

Instantaneous
Seconds

_ inutes

34 Hours

It the peak demand is a motor start- hoV critical is the load?

ing load, what horsepower is the Load is extremely critical, must
motor? /be maintained at all times.

_/Load is critical, but occasional,

What is the total load demand? short-term failure is tolerable.

__Watt hours per day, or __Load is not very critical. Sys-

Ampere-hours per day tew should support the ioad __

_Continuous (24 hours per day) of the time.

amperes, or watts

_Daytime load (% of total)

_Nighttime load (% of total)

Balance of System Considerations

Is there a specified amount of energy how will the solar array be mounteo;
storage? If so, please list: Ground: i-

Ampere hours @ ___volts, or Roof:
__Days autonomy (Sunless operation) Pole:

Will a building be available to house Any special instrumentation requirea.

batteries and electronics? It so,
give dimensions and attach building
plan if available.

Are there any other special consider- Any special control systems requiredY

sations for the PPS?
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USA-CERL PHOTOVOLTAIC POWEk SYSTEM

CANDIDATE APPL1CA1IOh SURVEY

Installation: 'FO?-X I+L',qctfUC £,*ate: &/
5-k~l VIS7-4. AjI'1 _____0:

Type of Application: U/1-6.4 Z- E 10 M/*A) i6- Li hi-T Numoer 03 DlteE: L

POC: M , - -o R coc.ttpA0 Phone: Y02-/9o2

Organization/Branch: CItI(F (-ok)TPcT /m'-AJ,4i.&Euc-A1T cjV
Person Completing Report: L1,,11 fAX/7"-Z..$

Site Data

Latitude: L313.S What are the soil conditions£
clay, etc.)

What are the dimensions of the land
available for the solar array?
(Attach site plan if available.) What is the maximum snow accumuis-

A.o-T 6vA orC Pilveuslo" tion? 8 xxLt-

Wht is the site accessibility? Are there any speciai environmentai

kExcellent (Paved roac to the site) conaitionsf

Good (Dirt road, not consistently Ocear, environment (Salt water

able to handle trucke, spray/immersion
Fair (May require 4 vneei arive Coastai environment t.ait water

transportationi ,spray only)

___Poor (Helicopter or animal trans- besert environment tAirDorne sano

portation required) ana dirt)
Jungle environment tHign tempera-

ture ano condensing numicaity'

What is the daily average insolation
for the worst-case month?

Nonth:-Df lnsol.(kWhip4md445L: 11(X)

What are the temperature character- Is special protection requirea

istics of the site, by month? against:

Average hi: Wo2 Konth: JuOi ___Perching or nesting birds

Average lo: Mronth:__ll ..A_ __Rodents/Small animals

20 year hi: - 20 yeer lo: . __Large animals
Fungus
Insects

Is the site in an area of high Thelt

seismic activity? _ _ _ _ _Vandalism
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Load Characteristics

Nominal voltage required: I.O_ @DC What is the pattern of load demand,
CU IO'JTLY PO. 5a r- T L' PC > +Osz Is the eame everyday:

It AC, what frequency is requiredi I6L44V-7 .. /VC- J 7r,4 y

6_oHertz '/- _ Load pattern is weekly Sa follows:

What range of voltage ie tolerstle ___

Hi: 12-S- volts Loa is seasor.a %annuabi cyciel:

Lo: /_L -7volts

What is the peak load demand? Loa repeats as li ovs:

Amperes

Volt-AmpE reactive

What is the duration of the peak What type of equipment is being

demand? poweredt IWerR.MIQ& i-I&-NT$
Instantaneous

__Seconds
___ inutes

J91Nours

If the peak demand is a motor start- How critical is the load?

ing load, what horsepower is the __Load is extremely critici, must
motor? no ,be maintained at all times.

V Load is critical, but occasional,
What is the total load demand? short-term failure is tolerable.

3400 Watt hours per day, or Load is not very critical. Sys-

Ampere-hours per day tew Should support the ioa _

___Continuous (24 hours per day) of the time.

amperes, or watts
.___aytiae load (X of total)

/00Nighttime load (% of total)

Balance of System Considerations

Is there a specified amount of energy how will the soiar array be mountea;
storage? If so, please list: Ground:

Q.Ampere hours 0 _volts, or Roof:
Days autonomy (Sunless operation) Pole: _

Recm_ Ntsw> 0 -roP oF T A t-c,
Will a building be available to house Any special instrumentation requiredi

batteries and electronics? If so,
give dimensions and attach building
plan if available. Not P__

Are there any other special consider- Any special control systems required

ations for the PPS?
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USA-CERL PHOTOVOLTAIC POWEk SYSTEM
CANDIDATE APPL1CA7IJh S UVEY

Installation; YO 04 P.OVI tU& Gf~otuwS Date: ~1

Type of Application: AlkJ0t6- XC#/6 99411V /bS/T/"AQhumoer oi .teEo.2 (7~9i~~
PO&;: MK.* PRL y~~itVF- /GO -3SI-00 Phone
Organizatlon/lBranch: Fl A T5OeOL4C& L V1 CeAS
Person Completing Report: e/5'? 1t.5/.

Site Date

Latitude: ._ What are the moil conditions,

clay, etc.

What are the dimensions of the land
available for the solar array?
(Attach sate plan if available.) What is the maximum snow accusuia-

No 'Size & /11 r5 taon____________________

What is the site accessibility? Are there any special environmental
__Excellent (Paved rosa to the satei conditions.
___Good (Dirt road, not consistently _ cean environment (alt water

a able to handle trucks) spray/immersion)
Fair (May require 4 wheel drive Coastal environment (6ait water

transportation) pray only)
___Poor (Helicopter or animal trans- 2_Vbeaert ervironment tAirDorne sano

portation required) and dirt)
Jungle environment (Hign tempera-
ture ana condensing humidity)

What is the daily average insolation
for the worst-case month?
Month: D~EClInsol. (kb~beA*'-d-'-): _

What are the temperature character- Is special protection required
Istices of the site, by month? against:
Average hi: 10T/ Month: --Ju L Perching or nesting birds
Average lo:...~ Month: -1#4 i25j~d3YSmall animals
20 year hi: 11 20 year 1o: 0;70,,=. _Large animals

__Fungus
Insects

Is the site in an area of high ___1neft
seismic activity? A/O, BVT oN j1%mandalism

I-F O- A, 7 - -/6NU.
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Load Characteristic.

omnal voltage required: Io1VAC What is the pattern of load demano
Loan Is the name everyday. ____

If AC, what frequency is required' /O/9,6 Pe / gN0 >d
_Hertz I- __ Load pattern is weekiy in foliovs:

What range of voltage is tolerable'.
Hi: volts Loan Is • asor, ta. lnnuai cyciej:
Lo: volts

What is the peak load demand? Loac repeats as loiiovs:
q Amperes

fZ Watts
Volt-Amps reactive

What is the duration of the peak What type of equipment is being
demand? powered? C PN ^U 5 ''ti 7_i'0
_Instantaneous Pr,-TECr &),r"A 44 60 I PiC-Te)
Seconds CN6') A'Orrr- y Poi.

__Minutes

,10 Hours (7,qsj -- PAO1
It the peak demand in a motor start- Hov critical is the load?_
Ing load, what horsepower is the __ Load is extremely critical, must
motor? __,_be maintained at all times.

___oad is critical, but occasionaI,
What ia the total load demand? short-term failure is tolerable.

1/bVWatt hour. per day, or __Load is not very critical. Sys-
Aspere-hours per day tew shouid support the load _

__Continuous (24 hours per day) of the time.
amperes, or watts

/~.Daytime load (% of total)
Nghttime load (% of total)

Balance of System Considerations

In there a specified amount of energy how will the molar array be mounted
storage? If so, plese list: Ground: <

_Asper& hours 0 ___volts, or Root:
,k.Days autonomy (Sunless operation) Pole: _

Vill a building be available to house Any special instrumentation requireai
',batteries and electronics? If so,
give dimensions and attach building
plan It available. ? ---

Art there any other special consider- Any special control systems requiredl
ltions for the PPS?
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USA-CERL PHOTOVOLTAIC POWEk SYSTEM
CANDIDATE APPLICA1UOh SUkVLY

Installation: VU M t+ __Piro~/u V ~ U~ L'I bate~A

Type of Application: A sZrTzIAV)5s humoer o3 ;iteE:
POC: __. ________ K___ XQ__ / TA__ 06S 1_c Phone_: _ -39,t - e/Z oxn/ --

Organization/Branch: EtVE.& , IE CW r) o-n_
Person Completing Report: L/J* / i z-7 s

Site Data

Latitude: 35-L 0 What are.the soil conditions'
j? 6 ) y clay, etc.)

What are the dimensions of the land
available for the solar array?
(Attach site plan if available.) What is the maximum anov accusuia-

Va-ri e tian? gn~~td~

What is the site accessibility? Are there any special environuentai
__Excellent (Paved roao to the sitei conaitions':
L.- Good (Dirt road, not consistently __Ocean environment (Salt water

able to handle trucksi spray/immersion)
j--"Fair (flay require 4 wheei arive Coastal environment (bait vater

tranaportation) /spray only)
__Poor (Helicopter or animal trans- Vesert environment tAirDorne sano

portation required) and dirt)
Jungle environsent tHigh tempera-
ture ano condensing huaicity)

What Is the daily average insolation
for the worst-case month?
Month:DE- Insol.( 0'1h.4p-gasey

What are the temperature character- Is special protection requirea
istics of the site, by month? against:
Average hi: -. 40 Month: i __Perching or nesting birds
Average lo:...Z.. Month:. t±L .±i od toSmall animals
20 year hi: J 20 year lo: o6??" Large animals

....Fungus
Insects

Is the site In an area of high '__helt
seismic activity? AO __Vandalism

63



Load Characteristics

Nominal voltage required: -Q I{ACj What is the pattern ot loao demano
Loao is the se everyday:

If AC, what frequency is requiredl 07'/,5 Pi P#x
__Hertz 1- 1 Load pattern is veely so follows:

What range of voltage is tolerable'.,
Hi: volts Loan is seasonai lannuni cycei:
Lo: volts A__ _ _ _ _ _ _ _ _ _ _ _ _

What is the peak load demand? Loac repeats as loliovs_
3..Amperes
&P.Watts RfD0S WTW 'AITO /O-
__Volt-Ampe reactive

What is the duration ot the peak What type o equipment is being
demand? povered Aq o/ 7/,4A) LOC ,47-led

Instantaneous 5i-s 7- 4
-Seconds

___Hinutes

___Pours

It the peak demand in a motor start- How ritical is the load?
Ing load, what horsepower is the lv:Load is extremely critical, oust
motor? le maintained at all times.

VLoad is critical, but occasional,
What is the total load demand? short-term failure is tolerable.

jao._. watt hours per day, or Load is not very critical. Sys-
Ampere-hours per day tes should support the load __

___Continuous (24 hours per day) ot the time.
apetrs, or watts

.5 VDaytime load (I of total)
5-_Nighttime load (% of 4 ota)

Balance of System Conaiderat .on.

Is there a specified amount of energy how will the solar array be mounteo
storage? If so, please list: Ground:

o2&lAmpere hours * ___volts, or Root:
- ays autonomy (Surless operation) P404% OA./1

Vill a building be available to house Any special instrumentation requiredi
',batteries and electronics? It so,
give dimensions and attach building
plan It available. IQOT S .__Xj__

Art there any other special consider- Any special control systems required!
ations for the PPS?

64


